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INTRODUCTION

The purpose of this study is to evaluate the design of the industrial
liquid waste treatment plant presently under prove out at Holston Army
Ammunition Plant.. The initial design work was completed in 1974 by Clark,
Dietz & Associates Engineers.2s3 Based upon their preliminary design and
additional pilot plant studies conducted by Holston Defense Corporation in
1977, a final concept design was developed in 1977.

The major concern (in this study) was to validate the present design and
to establish guidelines for development of design criteria for future plants
requiring the same types of processes. This was to be accomplished by
evaluating data collected during previous studies, and then performing com=-
puter simulation studies of these processes. The computer simulations were to
provide information on the transient response of the processes due to varia-
tions in the mass and hydraulic loading.

LITERATURE REVIEW

GENERAL

The industrial liquid waste treatment plant, which is showan in Figure 1,
consists of anaerobic denitrification filters (anoxic filters), aerobic fixed
film reactors (trickling filters), and aerobic suspended growth reactors
(activated sludge). Only rthe wastewater from Area B is to be treated in the
anoxic filters, with Area A wastewater to enter the system just ahead of
aerobic fixed film reactors (trickling filters). The wastewater from the
activated sludge processes is clarified and filtered through dual media
filters, with this effluent receiving vreaeration prior to discharge into the
Holston River. The piping for this plant is such that the activated sludge
system may be operated ahead of the trickling filters or in the normal
sequence with the trickling filters preceding the activated sludge process.
Sludge wasted from the activated sludge process is thickened before being
aerobically digested and mechanically dewatered. The dried sludge is disposed
of in landfill, ‘

The characteristics of the wastewater being treated are shown in
Table 1. One of the major concerns was the ability of this plant to ensure
that the effluent complied with NPDES waste load allocation. The area of
particular concern was the total nitrate-as-nitrogen loading. The 1980 NPDES
permit is summarized in Appendix D.
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TABLE 1. SUMMARY OF DESIGN WASTEWATER CHARACTERISTICS
HOLSTON ARMY AMMUNITION PLANT

Parameter Design Value (Full Mobilization)@
Average Flow 12.6 MGD

Maximum Flow 16.3 MGD

COoD : 61,535 pounds/day

BODg 43,000 pounds/day

NH3-N 510 pounds/day

Total P 70 pounds/day

Total N 3,375 pounds/day

Total SS 4,092 pounds/day

a. Constructed for 507 of mobilization rates
(assume straight line).

Review of Denitrification

Denitrification is coupled with the acrobic oxidation of organic materialj
the nitrate which acts as electron acceptor must be the limiting substrate
present in the system. 1In other words, the carbonaceous organic concentration
or the concentration of methanol, which may be used as an organiec carbon
source, must exceed the nitrate concentration in order to effectively deni-
trify the wastewater. Although the literature implies that denitrification
systems may be designed such that the two substrates will be rate limiting, it
is difficult in practice to accomplish this. If the Monod!® kinetics were to
be used, there would be a specific growth function for each of the substrates
as shown below,

~ 8 8§
o= H n ¢
(Kn + Sn) (KC + SC)

(n

whera u, Sy SC are the maximum rate constant, nitrate substrate concentra-
tion, and carbonaceous substrate concentration, respectively. The K, and K,
are the half rate constants, i.e., the half rate constant is the substrate
concentration at half the maximum growth rate, expressed in units of
mass/volume.

In practice however, the organic substrate would be in such concentration
(Sc>>K,.) that the nitrate would in fact be the rate limiting substrate, and
the rate-of-growth equation reverts to a saturation function involving only
nitrate, as shown:

~

Hn
N (2)
(Kn + Sn)

While the suspended growth system for denitrification represents a more
efficient process, Grady* found that, due to the filamentous nature of the
biomass, the suspended growth system could not be used. Therefore, it was




recommended that the submerged anaerobic filters be used. Grady* proposed
that the system followed a first—~order kinetics expression and the design
could be based upon

- AZ

n
N=DNe (V) (3)

where N is the effluent nitrate concentration in milligrams per liter, I, is
the influent nitrate concentration in milligrams per liter, Z is the filter
depth in feet and V is the hydraulic application rate in cublc feet per second
per square foot. The coefficient lambda was found to be equal to 1.45 while
the power of the hydraulic application rate n was found to be equal to 0.5.
This expression implies that the removal of nitrate is essentially a logarith-
mic function of the height of the column. Hash, Evans, and Simerly® showed in
their work, however, that there were two distinct rates of reactlons occurring
within the column. Through the first 4 feet of the column, the reaction was
fast; it then proceeded at a much slower rate through the next (upper) 10 feet
of the column. These data are shown in Figure 2. Their report® indicates
that performance of the anoxic towers (submerged anaerobic fllters) was purely
a function of application rate and that the kinetics for the system could unot
be clearly described. Harremose?0 found that fixed-film reactors did not
follow classical first-order kinetics but rather followed a sceries of first-
order, half-order, and zero-order reactions which overall appeared similar to
Monod kinetics. He found that there were two distinct break polints within the
kinetic relationships in which the substrate transport as well as a reaction
resistance became limiting, as shown in Figure 3.

Kornegay and Andrews?! found that the reaction rate was a function of the
degree of penetration of the substrate into the film and that the shear effect
of the fluid had a significant effect upon the rate of overall reaction. It
is clear from all the information presently available that there was a dis-
crepancy between the data collected by Grady* versus that of Hash et al.b
These discrepancies in data may well have been due to the aging of the samples
forwarded to Grady and the formulation of the wastewater used in his experi-
mental work. Hash et al.® used water directly from the production process,
which was representative of the wastewater that will be treated at Holston,

REVIEW OF TRICKLING FILTER DESIGN

The pilot plant work conducted by Grady* and Clark and Dietz3 shows the
activated sludge process to be unstable due to development of filamentous
growth. GCrady* recommended that a trickling filter or attached growth system
be used for treating the carbonaceous portion of the wastewater, Agailn,
Grady* was able to describe the removal of carbonaceous BOD with first-order
kinetics, relating the rate of removal with depth of the column and hydraulic
application rate. The expression developed was

ZAZ

n
s =s e (4)
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where Z is the depth of the filter and S, and S,  are the effluent and influ-
ent total biochemical oxygen demand in milligrams per liter. Lambda was found
to be 0.1 and n was found to be 0.5 for application rate (V) in cubic feet per
second per square foot. Based upon this study it was recommended that four
biological filters 57 feet in diameter with a media depth of 26 feet, be con-
structed. It was further recommended that the hydraulic application rate be
0.8 gallons per minute per square foot. ‘

Hash et al.b again found some deviation from results presented by Grady;
they found that lambda actually had an average value of 0.05 as compared to
the 0.1 recommended by Grady. They agreed that the hydraulic application rate
exponent was essentially equivalent to one-half. This is consistent with
Rich?2 where n is actually an effectiveness factor for the hydraulic
application rate,

At similar application rates, Hash et al.> observed a 30 percent reduction
in COD as compared with the 90 percent reduction reported by Grady.* It is
difficult to explain why such a wide deviation would exist except that the
characteristics of the feed streams must have been different.

REVIEW OF ACTIVATED SLUDGE DESIGN

Hash et al.® further investigated the possibility of using activated
sludge as a treatment process. Applied to raw, high strength wastewater, the
activated sludge system gave good organic removal, but poor sludge settling
characteristics., However, activated sludge operating at a solids retention
time (SRT) of 8 days provided an excellent second stage treatment of the
trickling filter effluent., The results (Table 2) show that the process
removed 76 percent of the COD, 85 percent of the BOD and 90 percent of the NH
~N using a 6-hour aeration cycle. The sludge volume iadex was 110 mL/gnm,
which indicates good settling characteristics of the sludge. An aeration
period of 4 hours gave slightly inferior performance overall, and reducing
sludge age to 3 days gave serious bulking problems. It was recommended that
the activated sludge plant be designed for an aeration time of 6 hours, a SRT
of 8 days, and a flow of 12,5 million gallons per day.

11
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DEVELOPMENT OF DYNAMIC MODEL

GENERAL

The approach used in developing these models was to use equations which
could be related to actual design variables. Tt was also necessary to
represent these design variables in the form of differential equations or
integral equations so that the dynamics of the processes could be evaluated.

DENITRIFICATION ANOXIC TOWERS

A block diagram for the development of the unsteady state model for the
anoxic towers is shown in Figure 4. This block diagram shows the input and
output functions as they relate to the difterential equations contained within
the block diagram. These differential equations were developed from the
literature and reports by Hash et al.’> and Grady.* Analysis of the data of
Hash et al.5 shows that increasing the hydraulic loading rate did not lower
the percent removal of nitrate, These results imply that theird system may
have been substrate-limited, since the towers did not show a breakthrough
characteristic. Based upon the information available, a rate equation was
developed using the lambda that Grady reported, but dependence on the depth of
the column was considered a fractional order function. This is consistent
with observations that FEckenfelder?3 made in trickling filter operation. The
fractional order for the operational loading rate was obtained as shown in
Figure 2. The data of Hash et al.> were replotted and found to be essentially
the same as reported by Grady* and by Eckenfelder.23 While the rate did
change and was significantly different in the first 4 feet on the column, the
next (upper) 6 feet had essentially the same rate of removal. TFor this reason
an attempt was made to fit the data to zero—order reaction rate as well as
half-order reaction rate. This analysis has not been completed at this
time. The primary concern was to obtain a rate contour for the total depth of
the tower by analyzing the data of Hash et al.® A mean value of 1.20 for the
power term (R in equation 9 below) of depth was determined. Using this term,
the Continuous Simulation Modeling Program (CSMP) equations for the model were
written., Modeling of the denitrification system was done on a macro basis and
did not in any way consider characteristics of transport within the biofilm.
Transport in the biofilm is being looked at as another element of the study,
but has not been thoroughly documented at this point. The odutput observed
from this model is shown in Appendix A. The general structure of the model is
as follows:

rate of rate of rate of rate of
mass N - mass N + mass N = mass N (5)
in out reacting accumulating
[Fy < - Fy € _ 1 8XY + [y axavaz = 28 axavaz (6)
z Z+AZ ot

13




N

o : NITRATES VAN/dt = Q(Ng=-N) + 1,V
g = dN/dt = -Xz"N/casaY
8o : TpOD dS/dt = f(dN/dt) = 0.64(dN/dt)
Q: FLOW da/dt = Q+a(t)

N : NITRATES

S : TbOD

Q : FLOW

Figure 4. Anoxic tower model.

Dividing Equation 6 by (AX, AY, AZ), the differential sections, and taking the

limit as AZ »0, the following equation is obtained

N aN
37 TN T 3t

or
dz N dt

(7

(8)

where Fy is the flux term, N is the nitrate concentration, and Cy is the

reaction term.

The reaction term is expressed empirically in terms of Z

(9)

where A is a rate coefficient, R is an effectiveness factor, and w is a

function of the packing used in the column.

The function Z represents the column depth, while Q represents flow rate
in cubic feet per second, and A is the cross sectional area of the column,

which gives the velocity through the column.

The change in flux may be expressed as

mass

Q
AF = == (N -N)
(10) N length2 x time Ao

14



Therefore, the unsteady state equation (Equation 8) may be expressed as

d —_—
ld%‘ = QN-N) +r T (11)

Then, eliminating the volume term (V) where t = (V/Q), the equation bhecomes

dN _ 1, | -
Tt~ (N oy ()

This differential equation describes the function of the denitrification
columns. In order to evaluate the dynamic response of the system, the program
was written so that the influent flow and nitrate concentration could be
varied independently with time. This was done by using either a step or
impulse function, TFigure 5 shows how these functions were defined within the
program.

FUNCTION TO START SQUARE WAVE PULSE
TRIG1=IMPULS (6.0,6.0)

"FUNCTION FOR MASS LOADING

SNO=SNIxPULSE (6.0,TRIG1)

Figure 5. Translent function for computer simulations,

15




TRICKLING FILTER SYSTEM

The trickling filter model was developed in exactly the same manner as the
anoxic towers model. Replacing N, the nitrate conceatration with S, the
carbonaceous substrate concentration, an equation for the trickling filter was
expressed as follows:

48 _ 1 g .
'(ﬁ:"' t (SO S) +T.'S (13)
B
vhere ro = %% = - Az - (14)
) (/A

The parameters Q, A, and Z represent flow, cross-sectional area, and column
height, just as in the anoxic tower. The terms B and u represent an effec~
tiveness factor and a media packing factor. As in the case of anoxic towers
the Q/A term represents a veloclty and the u represents a holdup adjustment
for the media. Lambda (A) represents a rate term.

ACTIVATED SLUDGE SYSTE

The activated sludge model was based upon Monod kinetics., Substrate and
organism material balances were written over the entire system, as follows:

( SUBSTRATE BALANCE)
ds by X8

45 _ Qg gy o ® (
dt Y (So 8) Y(S + Km) (15)

(ORGANISM BALANCE)

, n XS
dX 0 m
ac =y ™ g T KX (16)

where So and S are influent and effluent substrate concentrations, respec-
tively, X, and X are influent and effluent organism concentrations, respec-
tively, Y is the mass ratio of cells formed to substrate coansumed, and u , K,
and Kp are constants.

The constants used in the model were those recommended for design in ASCE
Manual of Practice Number 36.2% Solid retention time of 8 days was used in
order to tune the model with the data collected at Holston. Tt is expected
that once the model is tuned, the SRT will be varied in order to assess the
system’s ability to respond to transient loadings.

GENFRAL ASSESSMENT OF MODEL

The Continuous Simulation Modeling Program (CSMP) is capable of predicting
the effluent discharge from the Holston AAP industrial waste treatment
plant. The model is based upon the rational design equations used in current
practice and is consistent with equations used to design the wastewater treat-
ment plant. All expressions used in this model have physical significance; no
empirical mathematical expressions were used.

16



The model is also written in BASIC language for use on the AppleR* com-
puter, The program in BASIC appears to be better suited to the process than
CSMP. CSMP did not adapt well in modeling the trickling filter, due to the
nature of the equation descrihbing the trickling filter. The CSMP program also
has the disadvantage of requiring a special compiler, while the BASIC program
can be run on the Apple®™ or other microcomputers.

In the verification phase of the study, the mass transfer rates for the
anoxic tower and the trickling filter will be studied, '

DISCUSSION OF RESULTS

GENERAL DESIGN COMMENTS

Review of the proposed design indicates that the modifications recommended
by Hash et al.5 were justified. These modifications to the original design
certainly provide greater flexibility in the operation of the wastewater
treatment plant and a greater degree of assurance in meeting the NPDES cri-
teria., The development of the simulation models, which are discussed below,
shows that all processes in the system are compatible and that the plant
should function well under wide variation in loadings.

In the verification phase the mass transfer rates for both the anoxic
tower and trickling filter need to be further refined., An attempt will be
made to correlate the operationgl data with the height and number of theo-
retical units or a jp function. TIf this correlation can be developed it will
permit the sizing of a column for a specific efficiency and capaclty very
quickly and easily., The simulation studies which are discussed below were
based upon the most extreme conditions that might be encountered. Results
indicate that the industrial waste plant has the capacity to respond both to
extreme organic and hydraulic surges. While the simulations do not show that
the system complies with all the NPDES criteria, there is a trend which
implies compliance., When data are available to tune the models, more accurate
predictions may be made.

CONTINUOUS SIMULATION MODELING PROGRAM

The initial modeling of the wastewater treatment plant was done using a
Continuous Simulation Modeling Program (CSMP). This provided an easy means of
developing the differential equation in a computer format. This model is
shown in Appendix A. The dynamic section of the program contains the anoxic
towers followed by the trickling filters and activated sludge processes.,

The CSMP graphically displays the inputs and output of each process. TFor
example, the anoxic towers with inputs ranging between 25 and 75 mg/L of
nitrate nitrogen showed effluent concentrations of 3 mg/L to 15 mg/L. The
transients in the tower effluent lag the input transient by approximately 30

* Use of trademarked name does not imply endorsement by the US Army, but is
used only to assist in identification of a specific product.
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minutes. Seansitivity analysis of the parameters needs to be performed; when
actual operational data are available this will he accomplished.

Simulation of the trickling filter showed that effluent from the trickling
filters varied from 16 mg/L to 35 mg/L. The influent pulse ranged from 250 to
350 mg/L with the effluent response lagging by 1 hour. These simulations
indicated an efficiency of the filters ranging between 90 and 94 percent.
These results were slightly different than those given by the BASIC Simulation
Program, but are in agreement with the findings of Hash et al.®

The simulated effluent concentrations from the activated sludge process
showed a concentration of carbonaceous material which ranged from 5 mg/L to
50 mg/L. The organism concentration was approximately 100 mg/L, which implied
that the system was dispersed and substrate limited. Until actual data are
avallable, it will be difficult to determine if this is a representative case
of actual operating conditions.

BASIC SIMULATION MODELING PROGRAM

A simulation of 48 hours of operation was made using the Baslc program,
shown in Appendix B. The initial nitrate concentration of 25 mg/L was
periodically pulsed to 50 mg/L. Flow rates were also pulsed from 15.0 million
gallons per day (mgd) to 19.5 mgd to simulate hydraulic disturbances. The
output from the simulation (Appendix B) showed that the program was respoasive
to the changes in the input parameters, with effluent nitrate concentrations
ranging from 3 to 12 mg/L. Tt 1is expected that with proper tuning of the
model, greater sensitivity may be obtained. Verification of the model with
actual plant data is essential to the development of an accuvate effectiveness
ratio and rate constant.

The same simulation study was used to evaluate the trickling filter por-
tion of the model., A carbonaceous organic concentration of 250 mg/L was used
in the simulations. Using the rate constants and effectiveness factor previ-
ously described for the trickling filter, the simulations predicted between 87
and 91 percent reduction in the carbonaceous conceatration. Based upon the
limited data available, these results seem appropriate. Again, verification
of the systems using actual plant data will provide a better assessment of the
rate constants and effectiveness coefficients.

The activated sludge process, which follows the trickling filter, was
simulated using substrate concentrations which ranged between 50 mg/L and 150
mg/L. Hydraulic transients were also used in this process analysis. Results
of the simulation showed that effluent would range between 5 mg/L and 77 mg/L
using the rate constants selected.

As indicated throughout the discussion of the modeling phase of this
study, the future use of actual operational data to refine the rate constants
will make the models more predictive. These models have, however, proven that
the processes selected in the design are interactive and should prove to he an
effective treatment system. Certainly these processes warrant consideration
in treatment of any wastewater containing these contaminants.
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CONCLUSIONS

The following conclusions may be made:

1. Design of the Holston Industrial Waste Treatment Plant is consistent
with good engineering practice.

2. Simulation studies using the model previously described indicates that
this plant would meet the NPDES permit criteria.

3. Transient analysis of the treatment plant shows that the processes are
capable of sustaining any expected upsets without exceeding permit criteria.
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1500E 01 2. 5000E 21 +
2000E Of 7. B000E D1 e e e e e e e e e e e e e e e e e +
2500E 01 7 O E O e e e e e e e e e e e et e e +
I000E 1 7. OO 0E Ol e e e e e e e e e +
3500E Q1 7 O O 0 e e e e e e e e e +
4000E 01 7 BDDE D o e e e e e e e e e e e e et +
. 4500E 01} 2. 5000E 01 +
SO00E O 2. 3000 Ot +
S900E O} &, BODOE 01 ¢
&O00E 01 . B000E 01 +
&500E 01 2. 5000E 01 +
7000E 01 2. BOODE 01 +
7500E 0% 2. 5000E 01 +
. 8000E O F.B000E D e e e e e e e e e e e e e e e +
8500E 01 7. O00DE Ol e e e e e e e e e e e e e e e e e e +
QCOE O 7. 890008 01 o e s e e & o o i o e e
. @500E Ot 7 O 0 e e e e e e e e e e e o +
L 0000E O} 7 OO E D s e e e e e e e e e e e e e e e e e = +
O500E 01! 2. 5000E 01 +
1000E O1 2. BOO00NE O1f +
. 150CE 01 2. BOO0E 01 +
2000E Ot 2. 5000E 01 +
. 2500E 01 2. B000E 01 +
. 300DE 01} 2. DOOOE O} +
3IBNVE O} 2. 9000E D1 +
4000E 01 Z e Dl e e e e e e e e e e e e e ot +
45Q0E O} T O 0 e e e e e e e e e e e e e e e o e +
. S00DE 08 7. O000E 1] s e e e e e e e e e e ————— +
. B500DE O} T B ] e o e e e e e e e e e e e +
SO00E O 7 OO D e e e e e e e e e e e e et i o o st e e +
. 6B00E Of 2. 5000E 01 + .
L. 7000E 01 2. 5000 01 + )
L 780CE O 2. S000E 01 +
. BOOGE 01 2. S000E 01 +
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EFFLUENT NITRATE COMCENTRATION

MINIHUM SNF VERSUS TIME MAXIMUM
‘ 3. 8100E 00 o. OO00E O}
TIME SNF k{ X
. DOCOE-O1 5. QO0O0DE D1 e e e e e e e e e e e e e e e e e e e e +
. DO0DE-O1 @.&B1I5E 00 - +
. D0O0E 00 4. B396E 0O +
. BOOOE 00 3.8920E 00 +
D000E 00 3.8173E OO +
5000E 00 1. 4031E 01 ———eeeeeeeeee e +
O00CE 00 1. 5492E 01  ———memme—eeee
5000E 00 1. 3701E 01  ——mmemeeeeee—
0000E 00 1. 8731F 01 W ——omeeeemmeee
S000E 00 &, FoReE Q0 e e
O000E 00 5. 4607E 00 —+
S000E 00 4. 0107E OO +
. GOODE 00 3. B322E Q0 +
. BO0CE 00 5. 0432E 00 -t
DOD0E 00 5. 21484E 00 -t
S5000E 00 5. 2412E 00 -t
. DONDE 0O 9. 2912E Q0 -4
. BODOE 00 1. 4238E 01 =~ +
. DOOOE 0D 1. 5522E 01 —eeeeeeee— e
. 5000E 00 1. 1923 D1 ——memm—— + :
O000E O 1. 1483E D1 ——meeee— +
. O500E 01 6. 1413 ©0 St &
. 1000E 01} 5. 3734E 00 -t
L 15D0E O 5. 2636E 00 -+
. 2000E 01 5. 247%E 00 -t
. 2500E 0O} 5. B457E 0D ~4
. 3000E 01 5. 2454E 0D -t
. AsN0E Ot 3. 7834E 00 +
. 4900 O} 3. 82898 00 +
L 4500E O} 1. 4033E 01  —m—me—emee—e—— +
. BOOCE 01} 1. 5492E 01 -
. 9500E 01 1. 5701E DY  ——eeeee—ee e
. 6000E O} 1. 5731E D1 e
. 6500E O &, 75286E 00 ———
. 7000E O} 5. 45609E Q0 -+
. 7O00E Of 4. D107E ©O +
. 8000E O} 3. 89322E 0D +
8500 Q01 9. 0432E 00 -t
FO00E 01} 5. 2164E Q0 —+
. 9500E O} 5 2412E 00 —+
. DODOE 01} 5. 2512E Q0 -+ :
OB00E 01 1. 4236E 01 e +
1000E O1F 1. DS22E 01 —-mmeeme e
1500E 01} 1, 1923E 01 ——ememee— +
2000E 01 1.1483E 01 e +
S300E 01 6. 1413E 00 ——fe
3000E 01t 9. 3734E 00 -
3500 01 5. B&36E 00 -4t
4000E 01 5. 2479E 00 -4
LA4500E 01 5. 2457 00 -t
. S000E 01 9. 2454E DO -t
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EFFLUENT NITRATE COMCENTRATION

TIME

. DO0E
GOD0E
&500E
TOO0E
7800E
800CE
85008
FOQ0E
@S00E
O000E
Q500E
. 10008
. 1800E
. 2000E
2900E
. 3000E
. 3500E
{4O00E
45008
50008
DB0RE
H000E
&3500E
L FO0DE
FoO0E
8000E
g900E
20008
FSO0E
DOONE
. DBR0E
1000E
. 1900E
L 2000
. 2O00E
. 300DE
. RB00DE
- 4000
H500E
BOO0E
. B500E
&000E
. &ED0E
L FODDE
. 7B00E
. BOODE

01
01
ad
o1
01
04
O3
o1
Ol
o1
ol
o1
01
o1
Ol
01
01
01
01
01
01
01
Q1
o1
01
01
o1
01
01
o1
01
63
01
01
01
o1
01
01
0t
a1
01
ol
Ol
01
01
Q1

SRR el e el LGRS AL N A A S L I e . B L RN ARCNET I, AUy A A

SNF

. @834k
. 8289
. 3033E
b4 2E
. 9701E
. B573LE
. 78R6E
. 44H07E
. O107E
8322k
0430E
. 21448
. 2312E
. 291 E
. 42346E
. 8bh2PE
. 1923E
. 1483F
. 141 3E
3734E
2&3AGE
. 237 9E
2A457E
. 2454E
QEILE
. B28%E
. B033E
. B492E
B701E
. BD731E
THa&E
4EDTE
O107E
322
Q432E
. 21864E
L 2412E
. 2912E
. 4236E
. BH2RE
. 1923E
. 1383E
. 1431 3E
. 3A734E
2A36E
. 2479E

MINIMIM

2. 8100E 00

01
090
00
tale)
00
a0
00
00
el
a1
{1
a1
a1
00
ka]
00
a0
o0
ele}
0
o0
1
21
01
i3
00
sl
bald]
00

34

SNF

VERSUS TIME

MAN (UM
. Q000E 01}
1
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T.F.

TIME

QODDE
5000
0000E
5000F
ODCOE
5000
DO0DE
5000E
Q0DDE
SOD0E
. DOODE
. BOD0E
. DOODE
. 5000E
. ODDOE
. SO00E
. DODDE
. BODDE
. DOD0E
. O500E
. 1000E
. 1S00E
. 2OO0E
. 25DDE
. 3D00E
. AB00E
. 4000E
. 4500E
. SOO0E
. 5500
. &O00E
. B50DE
. 7DO0E
. 7500E
. BOHOE
. B500E
. SO00E
. ¥500E
. OODOE
0500E
100DE
. 1500
2000E
2500F
a0ODE
AS500E
4000E
. 4500F
. SO000E

. OO00E~
. DO0DE~

INFLUENT COMCENTRATION

01
01
00
00
Qo
00
00
o0
00
00
Q0
00
0
Q0
00
00
00
00
o0
00
01
01
o1
01
Q1
01
01
01
43
01
01
01
01
01
01
01
o1
01
01
01
o
01
01
o1
01
o1
01
01
o1
01
01

85CO
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. S0D0E
. S000E
. S000E
. S000E
. DOOOE
. 9000E
S000E
S5000E
S000E
S000E
SDO0E
S000E
S000E
SD00E
S000E
S000E
. 9000E
SOQ0E
. SDO0E
SO00E
S0O00E
D00k
S000E
. wQ00E
. SO00N0E
. BO00E
. SO00E
. 200Q0E
. B000E
9D00E
S000E
5000E
S000E
S0O00E
S000E
5000E
S000E
S000E
S000E
- S00DE
5000E
SO00E
BO00E
SOD0E
S000E
SO00E
000K
SON0E
SOD0E
S00Q0E
SO00E

-

[

o
el
02
05
O
02

oy

o
0z
02
o
0
o2
oo
eley
(e
e
02
02
0
02

2
a8
()
02
o
03
et
Qo
a2
O
02
o
DR
o
02
o2
e
o2
Lars
02
0
o]
o
02
Oe
O
o
0
02

O

MIMIMUM 5C0 VERSUS TIME CMAX UM
S000E 02 A, 5000 D2
1 I
+
+
+
+
e et b e S 8 e . 2 S it S P 2 P S e S 81 Ot e o e 470 o S S S 1 0 e S S+ e s 9 et e i
_________________________________________________ +
_________________________________________________ +
____________________________________________________ +
______________________________________ +
“+
4
+
+
+
+
+
________________________________________________________ +
___________________________________________________ &
__________________________________________________ +
____________________________________________________ +
__________________________________________________ +
+
+
-‘-
+
“+
+
+
__________________________________________________ +
___________________________________________________ +
__________________________________________________ +
____________________________________________________ +
_____________________________________________________ +
+
4.
+
+
+
+
.‘.
i oo e b o B 0 o . St i S S e S . Rk S B it o 5t R T S i e T e e d e e o B v . St 5 G +
_______________________________________ +
__________________________________________________ +
_____________________________________________________ +-
———— ——————————————————————————————————————— v +
+
“*
+
+
+
+
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T. F.

TIME

S900E
&OODE
&BD0E
FONDE
7EOOE
xlelelel
8900E
ielalelcl
FHO0E
OODOE
OoD0E
. 1000E
. 1500E
. 2000E
2500E
. ADN0E
. A500E
. AO0D0DE
. A500E
5000E
5500E
SOONE
&S00E
7OO0E
7 oN0E
8000k
8500E
SOO0E
IOROE
. QDODE
. Q5NCE
. 1000E
. 19N0E
. 2000E
. 22008
. 30006
ctilslalcy
L8000
. 4500E
L SO00E
. DOD0E
ar-Yelsle)y
L SOO0E
. 7O00E
. 78008
. BO00E

INFLUENT COMNCENTRATION

01
01
01
o1
1]
ol
01
01
o1
01
o1
01
O
01
01
01
o1
01
o1
01
01
01
01
o1
o1
01
01
01
o1
01
01
Ot
01
01
o1
014
01
O
01
01
01
01
01
01
o
01

MONNURRUURNNN NN YN URNRNNNRIN YYD NN NN G W YW

=

QOE

s

o B dn ]
]
&)
m

WOE
I0E
OE

s

-

[ A

Qg
=
m

[EA A G RS A R RS g
)
m

Do D

DOE
Jelelal )
SO00E
SO0DE
SO00E
SO00E
S0D0E
. BO00E
S000E
SO00E
. S000E
SODN0E
WOE
PODE
YOOE
O0E
1Q0E
VOOE
Q0E
O0E
Q0E
POOE
HDE
iLalals
O0E
HDOE
Q0E
ODE
O0E
O0E
OJE
IWIIE
QO0E
SO00E
SO00E
S5000E
SO00E
S2000E

4

20 0 0 O 400 I e B

L)

[N 4

UL G U T RN G Ul eR o o ot e np
[ o T B e B r

2

»)

m

rhor

(a0 L

)

TR I EY BT WY
[ ]

-y

Q.

oo

. 02

a2
U
o2
a3
0z
od
o2
a2
o2
a2
02
o2
o2
o2
o2
o
a2
Qe
ad
Qg
o
a2
o2
Az
O
D!
o
az
el
Qe
ag
ag
Py
g
O
03
ey
o
ag
a2
aa
et
e

0

MIMNIMUM sCO VERGLE TIME MaX T
SO0DE O
X 1
4
___________________________________________________ +
e e s e e o e 1 v 2 o o e e e o 4 o o s s s S 78 S 1 0 2 o e e e A S o e v 5 e s o o B o
___________________________________________________________ +
________________________________________________________ .‘.
________________________________________________________ +
4
4
<4
.+‘
+
@
-+
_______________________________________________________ +
______________________________________________________ *
_____________________________________________________ +
____________________________________________________ %
_____________________________________________________ +
-+
‘.
<4
%
4
.‘.
+
————————————————————————————————————————————————————— +
__________________________________________________________ +
________________________________________________________ +
__________________________________________________________ “
______________________________________________________ +
,‘.
.‘.
+
4.
-+
“+
ra
___________________________________________________________________ s
................................................................. “
_________________________________________________________________ ‘.
_____________________________________________________ *
———————————————————————————————————————————————————— L 3
&
-+
“
+
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T.F. EFFLUENT CONCEMTRATION

TIME

00DDE
S5000E
DODOE
500CE
DO0CE
S00CE
DODDE
SOD0E
DOO0E
. S000E
DODOE
S00DE
. DOOOE
. BOOOE
. DODOE
. BOOOE
. DOOCE
. BOOCE
. DDODE
. OBODE
. 1000E
. 1500E
. ROODE
. BS00E
. BOCOE
. 3500E
. BODOE
. 45008
. 5000E
. 5500E
. BDODE
. 6B00E
. FOOOE
. 75008
. BOQOE
. 8500E
. SOO0E
. 5D0E
. DDODE
. O500E
. 1000E
1500E
. PDOOE
. B500E
300DE
. 3500E
. 3D00E
4500E
S000E

. QO0Q0E-Q1
. 0000E-D1}

o0
00
00
o0
00
00
00
00
00
00
00
00
00
00
00
oD
00
o0
01
01
01
0}
01
01
01
01
o1
01
01
o1
01
04
01
01
01
0t
01
01
01
01
01
01
01
01
Ot
01
01
01
01

PIPIFIPIMIAIAIPI WO PIMI M3 AT AY = e FI P LI LI LIP3 b e FO M3 P A NI P PO MY QI PRI 03 NI I bee s P P LI L3 QI PRI 5o »e A3 N 1)

SCF

. S000E
. 1545E
190E
9140

THIE
7ROGE
O8O1E
1615E
. 183&E
47RAE
2842
. R1&9E
. 7051E
R ¥ajelcict
. PATEE
. 21R4E
. 21308
FIAE
. 1197E
5248E
ANLE
. 2E59E
D2R&0E
. R&53E
. 275H9E
. DTHBE
OT9LE
FHIME
. &A04E
770LE
. O77AE
1608E
1834E
4723E
2842E
a149E
FO51E
. 123RE
. 2375E
. 2RaE
. 2130E
. PRHLE
L 1197E
. 5248E
. ABDLE
. 254HFE

1

]
01
o1
o
ol
01
o1
01
01
01
0
01
01
01
01
01
1
01
01
21
01
01
01
Q1

o1

)
Q1
(AR
01
01
21
01
01
D1
Q1
01
01
01
01
01

o

01

01
01
01
01
01
01

3E 01

01

= )
= 01

MINIMUM
. 639BE 01}
i

———
———
———

Rkt
o
s

—f
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VERSUS TIME

MAX THUM

. G000
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T.F. EFFLUENT COMCEMNTRATION

TIME

. BBD0E
HO00E
&6500E
FOOOE
FoONE
a000E
asdDE
OO0E
QEO0DE
QOD0E
O500E
1000E
15008
20008
2900E
3000
3500E
JO00E
4500E
S5000E
SB0DE
HODDE
&O00E
FONDE
T SO0E
ao00E
85008
FOLOE
F500E
elalalelcy
Q500E
1000E
1500
2000E
2800E
3D0N0E
CasD0E
{OQ0E
4B00E
. B0O0E
. Be00E
. &O00E
. HE0CE
. FOD2E
L Te00E
. BODUE

01
Q1
01
01
(431
Q1
01
ol
01
Q1
01
01
1
01
01
01
01
01
01
01
01
Q1
01
01
Q1
01
1
01
01
01
01
ol
01
01
01
01
01
01
Q1
01
01
01
01
01
01
{1

K

1. 7&34E
&404E
TTOLE
D7 7HE
1&08E
1834E
47236
. 2842E
3146%E
TOBIE
1838E
2370k
21946E
. IR0E
G251E
1197E
SR40E
382GE
HOATE
e tiE
2H5B0E
a759E
2788k
2795E
. 7A3NE
&404E
T704E
CQ7TAE
14608E
1834E
. AT23E
28421
. BleRE
. TOB1E
. 1238E
2375E
2194E
2130E
FIs1E
1197E
52486
3824E
294H7E
et N o)
2H53E
. 2799E

SRR CEXEAR IR AR AN O M TR YR AR AR AN D SRR AR SR PR SR AN TR IR AR SN D AR AR AR AR AR RS

MR MU SCF

1. 4398E 01

04
CAR
(ER
it
01
(el
0%
21
1
01
01
1
DRt
1
ol
a1
1
{1
a1
LeBt
1
01
a1
Ot
1y
0
il
04
01
01
(431
(&R
T
DERY
04
01
(R
0l
03
1
b
01
(OB
01
01
ANt

A

e o

VERSUE

TIME

MAX UM

2. 5000k
1

o=



A B EFFLUENT CONCENTRATION

TIME

. ODODE-01
. DDODE-01
. DDODE 00
5000E 00
. ODOCE 00
. 5000E 00
OO0OE 0D
SO0DE 00
DODOE 00
SO00E 00
DODOE 0D
5000E 00
DODOE 00
500CE 00
. QDOOE 00
S000E 00
. DDOCE 00
S000E 00
. QOODE 00
5000E 00
. DDODE 01
. DB00E 01
. 1000E 01
. 1500E 01
. 2000E 01
. 25D0E 01
. BODOE 01
. 3300E 01
. ADDDE 01
. 4500E 01
. S5000E 01
. 5500E 01
. GODOE 01
. &50DE 01
. FTOODE 01
. 7500E O1
. BDODE 01
. 850DE 01
. FODDE 01
95N0E 01
OONDE 01
0500E 01
1O00E 01
1500E 01
2DONE ©1
. 2500 01
. 30DOE 01
. 3500E 01
4D00E 01
. 4500E 01
. 5000€ 01

FJFJ!IJFJFJFJPJFJ!!J!'U!U?uwwuuwwuwub—s;-uuwuwu»:gﬂ.mm.\j\]pp-_mlmjhrn‘m‘pmm.»umo

£

Ls

o

41

W@ e S0 e e B3R W

SEERGELRIRIRI LN NU IR ERIRER NN LR

. Q000K

6 5EE

14687k

L F121E

2770

. B755FE
. 9145E
. 1B85E
L B781E
. H30TE
. 3P23E
. 1793E
. 9341E
L AFTLE
. 1307E
. O7235E
L 191RE
. ODQOE
. 0000E
L O00O0E
. DOD0E
. O0D0E
. QO00E
L OD0DE
. Q000E
. DODOE
. DODO0E
. QOD0E
. DOODE

. QDO0E
. QOO0E

. DODDE
. QON0E

OO00E
QODOE
Q00DE
QODDE
OOD0OE
QOODE
OOO0E
Q000K
DOOOE
DO00E

. OO00E
. QOODE
. QODDE
. OOD0E
. DOO0E
. DO0OE
. OODDE

. QODOE

MINTMUM =] VEREBUS TIME MAX TrRIM

5.

10}
01
01
o1
(03
01
o1
01
o1
01
01
o1
20
o0
o0
00
20
Q0
o
D0
Q0
oD
00
10
00
00
00
ol
00
00
D0
)
Q0
Q0
o0
o0
00
o
20
20
o0
00
00
80
0
20
o0
o0
o
o0
oD

Q0OD0E 0D 5. ODOOE 01

o e e S et e e i 1 S e - S o it o e o S 20 S 2 1 1 o

e e o e i e i i S et S 0 St 1 2 e e e 2 i e o

R IR IR IR IR R I IR I TR T T S R R R




A. 5. EFFLUENT COMCEMTRATION
MIBEEMUM g VERSUS TIME MAX THUM
5. DON0E 00 5. ODODE 01

TIME 5 1 1
CBEO0E 01 5 0000E 00 &

. &OD0E 01 5. 0000 00+

L ABONE 01 5. 0000 00 4

70008 01 5 0DO0E 00+

C7S00E Ot 5. 0000E 00« s
. BONOE 01 5. 0000E 00+

. |sI0C 01 5 0000E 00 +

. GD00E 01 5. QUODOE D0+

@500 01 5. 0000E 00 + -
. DONNE 01 5. O000E 0D -

COBONE 01 5. 0000 00+

. 1000E 01 5 Q000E 00+

. 1500E 01 5. 00008 00+

2O00E 01 5. DOO0E 00«

2500E 01 5. 0000E 00+

. AD00E 01 5. 0000 00 4

. AS00E 01 5. O000E 00 ¢

CAQ00E 01 5. 0000E 00+

A500E O 5 O000E 0D+

CBODOE 01 5. O0D0E 00 +

55008 01 5. Q000E 00+

LODCE 01 5 O0DDE 0D+

&S00E 01 5. O000E 00 ¢

70008 O1 5. 00008 00+

7E00E 01 5. O000E 00 4

QooDE 01 5. 0000E 00 ¢

asnog 01 5. 0000 00

QOONE 01 5. DODOE 00+

95008 01 5. QODOE 0D ¢
. QOD0DE 01 5. 0000 00+

OS00E 01 5. 0000E 00 +

1000E 01 5. DO00E 00+
C1EODE 01 5. O000E DO+
. 2O00E 01 5. DDODE 0D+
. 2500 01 5. ODO0E 0D+
. 3000E 01 5. Q000E 00

IsonE 01 5. OOD0OE O + '

A000E 01 5. 0000E D0 e
CA50DE 01 5. 0000E 0D+
CEIDOE 01 5. 0000 00 4

5500E 01 5. N00DE 00+

HO00E O 5. Q000E 00+

&500E 01 5 OD00E 00+ s
L TODDE 01 5. 0000E 0D+

THEOOE O 5. 0000E 00+

8O0DE 01 5 O000E 00+ .
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ORGANISM CONCENTRATION

FONTMUM ' X VERSUS TIME MAX THMUM
: 1. DODOE OR 1. 234%E o2
TIME X 1 1
0. QOLOE-DO1 1. OODOE 0R + '
5. DOODE-01 1. O2&8E 02 ———e— +
1. QONOE 00 1. 0S37E 02 ——m—mmmmee +
1. 5000FE 00 1. 0772E OR et
. 2. DOOOE 00 1. 1001E 02 s e e +
2. 50008 00 11210 02 ——eeeee e e -+
3. ODODE 00 1. 1301E 02 e e e e +
; 3. SD0DDE 00 1. 19788 DR ——=mmmmmem e m e i e e
- 4. DOODE 00 1. 1728E 02 =——emeeme e e ——t
4. 5000E 00 1 1B58E D2 o e e e e e e e e e +
5. ODOOE 00 1.1973E 02 ~——mmeeeeme— e o e +
5. SON0E 00 1. BOT3E DR e e e e e e e e e e e e e +
| &. ODOOE 00 1 2I95E 02 s e e e e e e e e e - +
i &. 5000E 00 1L B2ATE DR e e e e e e e e e e e e e +
| 7. DOUOE 00 1. BRAEE 02 e e e e e +
7. 5000E 00 1 BB0IE OO s e e e e e e e e e e e +
8. DODOE 00 1 BBETE DR e e e e e e e e e e e e +
8. 5000E 00 1. B344E 0R = e e e e e e - +
9. ODODE 00 1. B355E DR s e e e e e e e e e +
9. 50005 00 1. BBSBE DR e e e e e e e e ————— +
1. DODOE 01 1 BRETE DE s e e e e e e +
1. O500E 01 1. PASAE D2 e e e e e e e e e e - +
1. 1000E 01 1. 2356E 02  ——mmmmmmmm e e e +
1. 1500E 01 1. 2394E 08 s e e e e e e e + |
1. 2000E 01 1. B331E D2 e e e e e e e e e e +
1. 2500E O} 1 EBLBE D2 e e e e e e e e e e e e e + |
1. 3000E ©O1 1. BRFBE DR e e e e e e e e e e +
1. 3500 01 1. 2BBAE OB s e e e e e e e e e e e e +
1. 400DE 01 1 ER7IE DR s e e e e e e e e e e e e e +
1. 4500F 01 1. 2250E 02  ———mmmmemm e o ————t
1. S00DE 01 1. BERTE OR e ——— ——
1. 5500E 01 1 2ROTE 02— e e e e e e e e e e e e +
1. 800QE 01 1. 2191E 02  —e—eeeeeee e ——— ——————— +
1. 650DE O 1L RI73E DR e e e e e e e e e e +
1. 7O000E 01 1. 2156E 02  ————- e e ——— e e
1. 7500E 01 S 3 b e i e +
1. BOODE 01 1. 2128E 02  —e——ee- e e e e +
1. B500E 01 1. BI0BE D2 s e e e e e e e e e +
1. 000E 01 1. BOBOE DI e e e e e e e e e e e e e +
1. 9500E 01 1. 2083E DR e e e e e e e e +
2. DODOE 01 1.20A03E O —meemeeem s ————— ————ed
2. 0500E 01 1. B0PIE 00 s e e e e e e e e ek
. 2. 1000E 01 1. BODTE DR e e e e e e e e e +
2. 1500E O 1APEPE DR e oo e e e e e e e e e e +
2. 2000E 01 1OIBTHE DR s e e e e e e e e +
2. 25D0E O 1. 1957E D2 —=—m—e———e R +
. 2. 3000E 01 1IRRBE DR e e e e e e
2. 3500E O 1 1FEOE 00 e e o e e e e e +
2. 4000E 01 1L 1901E 0D e e e e e e e e e +
2. 4500E 01 1 1BBIE 0D s e e e e e e e e +
2. 5000E O1 1 ABABE D e e e e e e e e +
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BEEL LA EEE LA EE A UUNNUUUNUUUL WL VNN UNRNNRBROREN

ORG

TIME

. BHOOE
. &000E
RE-Yilelals
TONDE
L FO0E
80008
g500s
GODNE
QEONE
QODOE
QBONE
1000E
1500E
2000k
20008
[DDNE
3500E
40008
G4o00E
SOD0E
BHO0E
&0
lalelcy
TOO0DE
T HO0E
200DE
8a00E
OINE
FHNNE
QO00E
O5D0E
. Y0N0E
1 500K
20E
2H00E
3000E
andeE
40006
4500
. 5000E
. 5EHN0E
&O00E
. &5B0O0E
. TO00E
. THONE
. BOOQE

AT

o1
01
o1
M
01
01
o1
0l
o1
21
01
a1
01
04
01
o1
01
Q1
01
01
01
01
o1
a1
ol
o1
01
o1
o1
Ol
01
01
01
01
o4
01
01
a1
o1
01
01
o1
o1
01
01
Q1

S8M CONCENTRAT TN

Bt Pt Pub Bt b bt bt fus hud bt st Pk b bt bt b bed e bt bk et b fed b bk bt pud b b bt bt Bt fut bbb et e et b bk bt e bt et bt b

1

1852 42
1837 o0
18t TE D2
) QAT AR R
L 178RE 02
CIFRTE Q2
17503 02
R Srac = S A
170QF D2
CYTLAE T
1&FPE Q8
1482E 02
148846E 28
CAABOE O
C1s34E D2
SONE DD
148058 08
1959RE 02
L 18R4E O0Z
15708 Op
150B6E 5
CIBADE Do
L inoRE on
CAGY4E D2
1504E 02
ClawEE O3
13778 N7
134636 02
14808 02
133%E D2
L 1429E 02
14188 O
L1410 02
L1401 E a7
L 138gkE 02
1378E D2
C136TE D02
C1aunoE 07
L Y3REE D7
L1327 D2
VA1RIRE 02
C131LE Q2
C1300E 02
CYEeoE 0D
C1OveE D2
L 1268E OO

PEER TN X VERSUS TIME

. DO0E 02
X
__________________________________________ +
————————————————————————————————————————— o
e 1o et ot 2 e . e . ot o b B P S S 1 i . e o o b o o e i o s o i e
_____________________________________________ +
__________________________________________ +
_______________________________________ +
_________________________________________ +
____________________________________________ “+
_______________________________________ +
________________________________________ +
________________________________________ +
______________________________________ +
__________________________________ +
——————————————————————————————————— +
___________________________________ +
____________________________________ +
—————————————————————————————————————— +
_________________________________________ +
_____________________________________ +
——————————————————————————————————————— -+
__________________________________ +
__________________________________ +
________________________________ -+
——————————————————————————————————— &
______________________________________ +
______________________________________ +
__________________________________ 4+
________________________________ +
_______________________________ +
_______________________________ +
________________________________ +
_____________________________ +
_______________________________ -+
______________________________ +
_____________________________ +
_____________________________ -+
_____________________________ +
______________________________ +
______________________________ +
_____________________________ +
___________________________ +
___________________________ +
______________________________ +
__________________________ +
__________________________ +
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APPENDIX B
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The program written in BASIC uses the same model as the CSMP program. The
programs use Runge-Kutta as a method of integration.

The variables used in the two programs are described in the following
pages; the BASIC program is arranged as follows:

Line #

100 - 900

1000 - 1999

2000 - 2999

3000 - 3999

45

Function

constants, initial conditionms,
pulses set

anoxic tower with lines
1500-1599 as subroutine

trickling filter with lines
2500-2999 as subroutine

activated sludge with lines )

3500-3999 as subroutine
|
|
|
|
|
|
\



SNINF

SN1
SNF

CA
CLAM
YA\

CVOL
QIC2
QICl
QIC3
QICF
QTO
Ql
SCI
scl
SCINF
SCO

VARIABLE LIST

ANOXIC TOWER

Cross sectional area (ft)
Rate constant (gal/min-ft-)
Packing coefficient
Effectiveness factor

Column depth (ft)

Volume (ft3)

Steady~-state flow (mgd)
Steady-state flow (gpm)
Additional peak flow (mgd)
Additional peak flow (gpm)
Flow thru anoxic tower (gpm)
Conversion of Q0 to ft?/hr
Initial condition -~ nitrates (mg/L)
Influent nitrates (mg/L)
Influent nitrates (pulse)
Peak flow -~ nitrates (mg/L)
Effluent - nitrate (mg/L)

TRICKLING FILTER

Cross sectional area (ft)

Rate coanstant (gal/min - ft3)

Depth (ft)

Packing coefficient

Effectiveness factor

Volume (ft3)

Constant flow rate (mgd)

Constant flow (gpm)

Pulse flow (mgd)

Pulse flow (gpm)

Flow thru trickling filter (gpm)
Conversion of QTO to ft3/hr

Initial condition - carbon (mg/L)
Pulse conc., - carbon (mg/L)
Carbonaceous substrate influent (mg/L)
Pulse-carbonaceous substrate influent

46

cA
CLAM
ZT

CVOL
Q4
qQc
Q5
QDb
QT

CI
Cl
cr
S0

[§]

€



CSMP

K1
KS
KD
K2
YG
AVOL1
QR
X1

XC
X0

QTOA

VARTABLE LIST

ACTIVATED SLUDGE

Rate constant (1/day)

R (1/hr)

Half-velocity constant (mg/L)
Endogenous decay coefficient (1/day)

KD (1/hr) ‘ :

Yield coefficient

Volume (ft3)

Set recirculation

Initial condition on organism (mg/L)
Initial condition on substrate (mg/L)
Startup condition on organism (mg/L)
Organism concentration with recycle (mg/L)
Organism concentration (mg/L)

Substrate concentration (mg/L)

Influent flow to activated sludge (gpm)
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BASIC

KS
KD

YG
AVOL
QR
XI
sC
XC
X0

QE



ADDITIONAL VARIABLES - BASIC:

M8 = Counter (outputs every 5th valve)

T, T2, T3 = Time for anoxic tower, trickling filter, activated sludge,

respectively
Kl, K2, K3, K4
K5, K6, K7, K8 Valves for Runge-Kutta

S8, X8
T4, T5, T6 = Counter for time array

EQUATIONS DESCRIBING PRCCESS:

ANOXIC TOWER:

DN = Ul - [EXP(U2)] * FS
where
Ul = (QO/VOL) * (NS-FS)
UZ = [-ZLAM * (Z"R)]/[(Q0/A)"U]

TRICKLING FILTER:

DC = U3 - [EXP(U4)] * SF
where
U3
U4

(QT/CVOL) * (SO - SF)
[-CLAM * [ZT"B)]/[(QT/CA)"W]

ACTIVATED SLUDGE:

X(I) = (US - UB) * H

where
U5 = (QE/AVOL) * (Xp - X) * 1440
U6 = [((K* YG) * (S/CS + KS)) - KD * X)]
H = Increment for Runge-Kutta

S(I) = H* [((QE/AVOL) * (SF (T3) - S)) * 1440 - (K * (S/CS + KS)) * X)]

48
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ADDITIONAL VARIABLES NEEDED FOR BASIC PROGRAM:
Pl: Time where pulse begins (for TRIGl in CSMP)
P2: Time spacing between pulses (for TRIGI)

P3: Length of pulse (fqr TRIG1)

P4: Time where pulse beings (for TRIG2)

"P5: Time spacing between pulses

P6: Length of pulse

P7: Begin pulse (TRIG 3)
P8: Spacing
P9: Length

PP: Begin pulse (TRIG4)
PI: Spacing
PJ: Length

G,Gl: To keep pulses moving with time:

Width
2 e - -,
v ; \
Z,
] Starti ~ Spacing | i
e G,G1=0 —n e G,Gl=1 v
Time —
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X9

0 LPRINTSLFRINTY LFRINT
20 LPRINT CHR$ (143" INDUSTRIAL WASTE TREATMENT FLANT
40 LFRINTILFRINT

=0 LFRINT CHR$(14) " HOLSTON AAF"

SRINT: LFRINT S LFRINT

CIHNT S LLFPRINT G LFRINT

7O OLPRINT TARCLE) § "HOW MANY HOURS WOULD YOU LIKE TO SEE ?

7% FRINT'HOW MANY HOURS WOULD YOU LIKE TO SEE?"
VS INFUT “CHOOSE UF TO 48"iLF

77 LFRINT TOE(15)jLF

B0 LFRINT:LPRINT:LFRINT

g2 OINFUT “INFUT FLOW FROM AREA B (MED) ;OB

83 LFRINTILPRINT

@4 LERINT TAE(15) 3 "FLOW FROM AREA B (MGD) 1S
“OE:LPRINT: LFRINT

85 INFUT "INPUT FLOW FROM BREA & (MED) 36D

B6 LFRINT TAB(15); "FLOW FROM AREA & (MED) IS
ERINT 2 LPRINT
INT TABE (LS 3 "ENTER VALUE FOR GO
FILTER INFLUENT": INFUT CFILPRINT TAE(LS);CF
86 LFRINT TAR(1S)§ D0 YOU WANT THE TRICK
TO BE THE":LFRINT TAB(15)3"ACTIVATED SLUDGE INFLUENT 2 oy
MY "I INFUT X$

89 LFRINT TAECLE) § X8 LFRINTLFRINT

90 DIM QO S00), 6T (500) , & (H00) , X (500) , 8F (5007

98 DIF
100
110
120
130
1735
140

S0

AN T T
45T REH
E= T
wian REM
LEL REM L.
100 RED

SUTOR FOR TOWER

o DMFLUERT WY TRE&TES

wow AMIT. COND. ~-MITRATED
] JING FILLTER

Cao= 10000 REM ..« ARES (Ol

CL.AM = REM .

IV o= :
W= 5L REF
B &7 Moa. W E
OV = 2600001

Q4 = ] FEM ..« CORB, FLOW (M50

G5 = 280 REM ... ITIONAL FESK FLOW
FEM wuw CF was
1 = 100

FaTE O ITWFL

SREM ... INIT. GOND. (MG
ACTIVATED SLUD
M .. W RATE CONSTAMT (1/DAY:
REM .. COMVERT TO (1/HR.
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FHO ES = HOIREM .. WHALF REAZTION COMSTARNT

E70 KD = 06 (REM .. L ENDOGENOUS DECAY COEFF.

E71OED = KD / 240 REM e (LAHRLD
HB0O YE = L6 REM L WYEILD COEFF.

A0 AVOL 2700001

410 R = L2550 REM .. 8ET RECTRCOULATION

1/ 185Y)

420 XTI = 100 ¢ REM .. .INIT. COND. ORG. CONC.

30 Gl
440 X2
450 RE
46T QA =
470 QR o=
480 GBC =
4 PO GD = (€
28 ORE l‘ I
F 1, P4, F7,F0 B WHERE
5 F oW THE PULSBES
OF THE FLIL "
o e ANCIXTE T

= 00 REM .. TRIT.CORND.
v W FLOWS, (GFMD

({ 1440 *
1440 %
144U) *

TRECELIRNG FILTER

e PN TR
THIGE., FILTER

=t S TR T

lHlnL T

lrll LERIMT I LRFRINMT

Tl oS s VUOMB LTRSS, LR T L L ReES
TR OLEY S TO CHARGE FUOLSRS s

W ANCEATT TR

1o QIR
DT R & 100+ L5 /100
A0 00 = G
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TEECLED ET0 UHANEGE fly GO Al TS

= 50 REM .. INITIAL SUBSTRATE (ME/L)

:g.‘,l £ PR S F AT THEE -xl ACTNG BETHEEN PLLLSESR,

BEGE TN FoigFé, 92 NG B0 Bk THE

LT S O A S TR

[ER RSt N

LR vty - =TI

+

”



=L

ign

LPRINT
LFRINT
LFRINT
CINT
LINT

Lt

LERINT
LPRINT
LERINT
ME = 1

= E—';i'\_l
= SN

TAR (1) 3
TAB 15 3" (HRE.) (me /Ly (me /i)
TR 1) 3 -

TAaR (158 ANOXTIC TOWERY

"TIME M~ THFL.. - EFFL .

i

TABL7I§ T TAB(ZEY MBS TAB A7 3 FEs TAR (4d) 400

LTl 481
i
I 1

oL THEM 1450

zz {)

LFRINT

LFRIWNT "TIMEYST
TR TARCEL Y S LAWY
LERINT TARIZYETITARCZE) s NS TARCEZ ) SRS TAR (446 5 G0

IF T

F T

Ho# D
R

VIR 1

- KE
w0/ 6 ) F KL e E w0 4 B3+ k4D

THERN 13808

IMTONSG = 100 -+ 08y /7 Dby FE = INT{ F8 o« 100

IMT A QO s 300 4+ Iy o L

s INT

T % 100+ VB Oy /100

INTULFRTRT
PEB IO E M- TR " TERECED § R

FOLPOTHEN 1450

B % PR e G o P OTHEN 154D

+ oG P E o D w PEGOTHERN LTEROD

+ G o REOR 31 % P& OTHEN 1440

(P GLo® PSS o+ (Bl o+ 10w Féa) THEM Lesn




1660 00 = QR
L66s BO(TE) = Q0

1670 GOTO 1700

1680 G0 = 0A + QR

1685 Q0(TE) = 00

1700 IF T w= (F4 + (GL + 1) % Fé + (G1 + 1) % PS5 THEN
1720

1710 GOTO 1730

1720 Gl = Gl + 1

177 (OO 7/ VOL) * (NS ~ F&)

Ul % §.021: REM ... CONVERS IO

(= ZLOM % C Z R /0Bl /oA

DN = UL + (U2 % F8)

RETURN

TRICELING FILTEFR
FINT 2 LFRINT: LPRING

BT = 0D + 60(T4,
GT () = @l
MG

Ao ou
LIRG FLLTER®"

1o+
ba P TRIC
. s LFRINT

g ;]Tf(l '#\kx«i Syt rIME Co PNEIL L "8 TAR S s OB FL,

TaR LSy 5 (HRE) Cmep AL s TARCEG s " L AL

Wl

AR CL7 )8 TR TEECEY)
T 481

THER 2500

(5 WHY o+ R
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W

GOTO 2Eé0
M8 = ¢
IF 8

ok

10 THEN 22m%

INT O GF #1040 -+

T TéaR 1S




LF

T 481
H

1
THEN

S n]

# X))

0l

L+

oo ACTIVETED

T

P

r

)i

SIEETE

BT
THER 3

HA400

S

sk

LT 60

w» o 100+

3 A

58

® 0T TG

“



g

4180 LPRINT TABR(15) 3" ACTIVATED SBLUDGE"
LFRINT :
LFERINT TAROLE) § " TIME ORG . CONG. EFFL. CONC.

4%

10 LPRINT TABOLE) § HRE) Lo/l (mep/ L)
(G :
bOLFPRINT

YRR TAR A6 § OFE

&
THER

HOTHER 4510

INT ¢
INT (T
NT TAE(17)
vl

1e

TOOO0 THER
Yo {(

v ’
FATRN

SOTHEM 4660

Pro= Mo (O{RE /2 VWOl % (BF{(T& ~ BF)I+ 8,021 -

(GF o+ KB ¥ X0

= (GE S AVOLY w (X0 - X3
= (0 Rk YEY #(BF /(BF +

K{Ty = Me (U5 + Us

A700 RETURN
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T B ES Y O s, Lelen i TED TRFUED S T

R T i T8 B =T

Hw
&

MAkyY HOURS WOULD vOuU LIeE GEE

FILOW FROM ARES B (MEDY s 4.8

FLOW FROM AREA & MGl Is 05

F0F IN TRICKLING FILTER

Vi OO0 tmg sl

ENTER
GO

g
ALTIVATED BLUDGE IThMELL
N

BT O o WG

PR LU TR

P LR M EFFL F LW
Crines 1.0 {mey L) SETS b

60

F T

INFILUERNT

YOLD WANT THE TRICELING FLUTER EFFLUENT 1O RE THE

L&



TRICELING FILTER

TIME e 1 RF L
) Cingy /L3

T CHABNE
CONDET 3 ONS,

T CHeN

FUL.
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